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Abstract
Purpose The Scoliosis Research Society (SRS) 22r ques-
tionnaire is a widely used instrument. To estimate the
disorder´s impact on quality of life and to gain knowledge
about treatment effects, normative values are needed.
Methods Individuals were randomly invited from the
general population. 272 individuals (145 females)
answered the SRS-22r and EuroQol 5-dimensions (EQ-5D)
questionnaires and stratified according to sex and age;
£19 years (n = 61), 20–39 years (n = 66), 40–59 years
(n = 84) and C60 years (n = 61). The correlation between
SRS-22r and EQ-5D were analyzed.
Results There were modest variations in mean SRS-22r
scores (ranging between 4.3 and 4.7). EQ-5D followed the
same pattern. The correlation between the SRS-22r was
0.62 (p = 0.001) and 0.61 (p\ 0.001) for the EQ-5D UK
tariff and EQ-5D Swedish tariff, respectively.
Conclusion We provide the first SRS-22r normative data
for adolescents and adults overall. We found a good cor-
relation between SRS-22r and EQ-5D in individuals
without spinal deformity.
Keywords SRS-22r  Normative  EQ-5D  Idiopathic 
Scoliosis
Introduction
Quality of life in individuals with scoliosis has been
investigated with various instruments [1–3]. Today, the
Scoliosis Research Society (SRS) questionnaire, in its
current SRS-22r version, is probably one of the most
widely used scoliosis specific instruments. This question-
naire was originally intended to provide valid and reliable
measures of quality of life in patients with scoliosis [4].
However, access to normative data is of interest when
estimating the impact of spinal deformity on quality of life,
and the effect of treatment. In addition, normative data
might give information on specific domains that differ
between individuals with and without spinal deformity,
possibly of importance to address during treatment.
SRS-22r data for non-scoliotic individuals are lacking.
Until now, studies have presented normative values for the
earlier version, SRS-22, in adolescents in the United States
[5, 6] but not for the SRS-22r. Normative data for adults
have also been presented for SRS-22 [7] and SRS-30 [8],
but not for this version, SRS-22r.
In addition, it is essential to have normative data that
correspond to the cultural context in which the instrument
is used. Demographic factors such as sex, household
income and ethnicity may have a direct influence on per-
ceived quality of life [6, 9]. We find it of utmost impor-
tance to compare the disease specific instrument to a
generic instrument to increase generalizability of the data.
EuroQol 5-dimensions (EQ-5D) is one of the most
widely used generic instrument for measuring quality of
life and reference values exist from a population-based
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study [10]. Both the SRS-22r and the EQ-5D are part of the
patient reported outcome measures in the Swedish Spine
register [11].
Hence, the aim of this population-based study was to
present Swedish normative data on SRS-22r in both adults
and adolescents, and to compare these with EQ-5D out-
come measures. We also provide crude data for all indi-
viduals in this study, which will facilitate future use of
these data by others.
Materials and methods
Individuals
Individuals were selected with the aim to represent all ages
between 10 and 69 years with an equal sex and age dis-
tribution. Those aged 16 years and older were randomly
selected from the Swedish population register and indi-
viduals younger than 16 years were randomly selected
from the Stockholm County population register. We ini-
tially invited 4 females and 4 males in each age group. The
response rate for those aged 18 and above was 51%, and for
those aged 17 and below 11%. A flow chart of the
recruitment process is shown in Fig. 1. The individuals
were not examined. Six individuals reported being radio-
graphed due to scoliosis and were excluded from the
analyses. The final study cohort consisted of 272 individ-
uals and 26 out of 272 (10%) were born in another country
than Sweden.
Questionnaires
SRS-22r is a scoliosis specific instrument developed aim-
ing to measure quality of life outcomes in scoliosis
patients. It has been translated to Swedish and has been
tested regarding reliability and validity [12]. The ques-
tionnaire comprises 22 questions distributed over five
domains (function, pain, self-image, mental health and
satisfaction) and each domain has five answers (one being
the worst and five the best). It is possible to derive an index
for each domain, and further, a total index for all domains.
The satisfaction domain cannot be used for those who have
not been treated for scoliosis. Accordingly, we present the
SRS-22r subscore, excluding the satisfaction domain, in
this study. The subscore could not be obtained if scores on
more than two domains were missing.
EQ-5D is a general health instrument in which indi-
viduals assess their health in five dimensions including
mobility, self-care, usual activities, pain/discomfort and
anxiety/depression [13, 14]. In this study, we used the 3
level version (EQ-5D-3L) where the individual chooses
between three levels based on how well he/she can
manage each dimension. The answers have been trans-
lated to an index based on a tariff representing the soci-
etal perspective on health. In this study, we used the
British tariff [15] and a recently published Swedish tariff
[16]. Using the UK tariff, it is possible to obtain an index
between -0.59 (worst) and 1.0 (best). Using the Swedish
tariff, it is possible to obtain values between 0.34 (worst)
and 0.97 (best).
Other data
In addition, our survey included general questions on
health, employment status, anthropometrics, spinal prob-
lems, presence of chronic disorders (heart disorders, neu-
rological diseases, diabetes, asthma, lung disorders,
epilepsy or other chronic disorder, which could be speci-
fied), working situation and medications.
Data management
Data are presented as mean (95% confidence interval; CI)
or number (percentage). The individuals were stratified
according to sex and age; £19 years, 20–39 years,
40–59 years and 60 years or older. A comparison was done
using analysis of covariance, adjusted for age and sex, to
compare SRS-22r subscore and EQ-5D indexes between
individuals born in and outside Sweden. The Spearman test
was used to analyze correlations between the SRS-22r
subscore and the EQ-5D index, and between domains that
were considered similar: the pain domains in both ques-
tionnaires; the mobility and the self-care domain in the EQ-
5D and the function domain in the SRS-22r; the anxiety
domain in EQ-5D and the mental health domain in SRS-
22r. Variation of the SRS-22r subscore with age was
graphically assessed. To allow comparisons with previ-
ously published data on SRS22 we converted the SRS22r
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Fig. 1 An illustration of the recruitment process
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subscore to SRS22 according to Lai et al. [17]; SRS22
subscore = (SRS22r subscore-0.040)/1.009.
Ethical consent
Written informed consent was obtained from all study
participants, and from their legal guardians if the individual
was under the age of 16 years. The ethical review board in
Stockholm approved all parts of the study (Dnr 2012/172-
31/4).
Results
Descriptive data are presented in Table 1. More females
than males were included in all but the oldest age group. As
expected, chronic disorders, back and neck problems were
most frequent in the two oldest groups.
There were, in general, small differences in the SRS-22r
between sexes and age groups. The mean SRS-22r sub-
score varied between 4.3 (women aged 40-59) and 4.7
(men aged B19), (Table 2; Fig. 2). Males tended to have
higher SRS-22r subscore than females in the youngest age
group, but not in the other age groups, (Table 2). The EQ-
5D index, based on the UK tariff, tended to be lower with
higher age, (Table 2).
The separate domain scores for SRS-22r are presented in
Table 3. In general, the mean domain scores tended to be
lower in the two oldest age groups, with an exception for
the mental health domain that was higher among those
aged C60 years than in those aged 40–59 years.
The separate dimensions in EQ-5D are presented in
Table 4. The number of individuals with problems
increased with age in the EQ-5D domains mobility, usual
activities and pain, but decreased for anxiety in those aged
C60 years compared to those aged 40–59 years.
Spearman’s correlation coefficient was 0.62 (p\ 0.001)
when comparing the SRS-22r subscore and the EQ-5D
index (UK tariff and 0.61 (p\ 0.001) when comparing the
SRS-22r subscore and the EQ-5D index Swedish tariff).
When separate domains were compared in the two ques-
tionnaires, the Spearman correlation coefficient was -0.61
(p\ 0.001) for the pain domains, -0.24 (p\ 0.001) for
the function domain in the SRS-22r and the mobility
domain in the EQ-5D, -0.66 (p = 0.28) for the function
domain in SRS-22r and the self-care domain in the EQ-5D,
and -0.55 (p\ 0.001) for the mental health domain in the
SRS-22r and the anxiety domain in the EQ-5D.
Individual data for the whole cohort are presented in
Supplementary Table 1, including the SRS-22r subscore,
the calculated SRS-22 subscore and the EQ-5D indexes.
No differences were seen in EQ-5D indexes when
comparing individuals born in or outside Sweden (all
p C 0.46). Mean SRS-22r subscore for individuals born in
Sweden was 4.5 (4.4–4.6) and for individuals born outside
Sweden 4.3 (4.2–4.5) (p = 0.005; adjusted for age and sex).
Discussion
This population-based study presents normative data for
the SRS-22r and the EQ-5D in adults and adolescents of
various ages. Age and sex specific variations in SRS-22r
Table 1 Descriptive data in all age groups. Data is presented as mean (CI 95%) or number (%)
Age B 19 (n = 61) Age 20–39 (n = 66) Age 40–59 (n = 84) Age C 60 (n = 61)
Females 38 (62%) 39 (59%) 43 (51%) 25 (41%)
Age (y) 14.5 (14.0–15.1) 29.9 (28.4–31.3) 48.6 (47.3–49.9) 65.0 (64.2–65.8)
Height (m) 1.65 (1.62–1.68) 1.73 (1.71–1.76) 1.74 (1.72–1.76) 1.74 (1.72–1.77)
Weight (kg) 56 (52–59) 78 (73–82) 81 (77–84) 79 (74–83)
Smokers 1 (2%) 9 (14%) 10 (12%) 5 (8%)
Studying 60 (98%) 13 (20%) 2 (2%) 0 (0%)
Gainfully employed 2 (3%) 44 (67%) 78 (93%) 26 (43%)
Sporting activities 37 (61%) 33 (50%) 35 (42%) 16 (26%)
Back problems 11 (18%) 18 (27%) 32 (38%) 20 (33%)
Neck problems 10 (16%) 6 (9%) 24 (29%) 16 (26%)
Chronic disorder 6 (10%) 11 (17%) 25 (30%) 24 (39%)
Regular medication 8 (13%) 22 (33%) 36 (43%) 41 (67%)
m metres, kg kilograms, y years
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were small. We found a moderate to good correlation
between the SRS-22r and EQ-5D questionnaires. Data
from this study will enable comparisons with individuals
having spinal deformities.
A previous study from the United States, presenting
population-based data for SRS-22 in 34 adults (mean age
46 years), showed slightly lower scores on all domains
compared to the adults in our study [7].
Previous studies reporting SRS-22 outcomes in healthy
adolescents in the United States have shown slightly lower
scores on all domains compared to those agedB19 years in this
study [5, 6]. Even though converting SRS-22r scores to SRS-
22 values according to Lai et al. [17], we still obtained higher
scores than in the previous studies (Supplementary Table 1).
However, converting SRS-22r values in controls according to
Lai et al. might not be completely accurate since the sample
used to construct the conversion algorithm was based on 121
surgically treated individuals, aged 14–34 years [17].
Table 2 Mean (CI 95%) SRS-22r subscore index and EQ-5D index for all age groups, including men and women
Age B 19 (n = 61) Age 20–39 (n = 66) Age 40–59 (n = 84) Age C 60 (n = 61)
SRS-22r subscore index—all 4.7 (4.6–4.8) 4.5 (4.4–4.6) 4.4 (4.2–4.5) 4.5 (4.3–4.6)
SRS-22r subscore index—women 4.6 (4.5–4.7) 4.5 (4.4–4.6) 4.3 (4.1–4.5) 4.4 (4.2–4.6)
SRS-22r subscore index—men 4.7 (4.6–4.8) 4.5 (4.3–4.6) 4.4 (4.3–4.6) 4.5 (4.3–4.6)
EQ-5D index—all—UK tariff [15] 0.93 (0.89–0.97) 0.90 (0.86–0.93) 0.87 (0.83–0.91) 0.87 (0.84–0.91)
EQ-5D index—women—UK tariff [15] 0.91 (0.85–0.97) 0.91 (0.87–0.94) 0.86 (0.80–0.91) 0.84 (0.78–0.90)
EQ-5D index—men—UK tariff [15] 0.97 (0.93–1.0) 0.88 (0.81–0.96) 0.89 (0.83–0.95) 0.90 (0.86–0.94)
EQ-5D index—all—Swedish tariff [16] 0.95 (0.93–0.96) 0.94 (0.92–0.95) 0.93 (0.91–0.94) 0.93 (0.91–0.94)
EQ-5D index—women—Swedish tariff [16] 0.94 (0.92–0.96) 0.94 (0.93–0.96) 0.92 (0.89–0.94) 0.92 (0.89–0.94)
EQ-5D index—men—Swedish tariff [16] 0.96 (0.94–0.97) 0.93 (0.90–0.96) 0.94 (0.92–0.96) 0.94 (0.92–0.96)
Fig. 2 The association between the SRS-22r subscore and age. The
best fit was obtained with a cubic-spline curve. The mean and the
95% confidence intervals are depicted
Table 3 Mean (CI 95%) SRS-22r domain scores in all age groups, stratified on sex
Age B 19 (n = 61) Age 20–39 (n = 66) Age 40–59 (n = 84) Age C 60 (n = 61)
Function—all 4.8 (4.7–4.9) 4.7 (4.6–4.8) 4.6 (4.4–4.7) 4.5 (4.4–4.6)
Function—women 4.8 (4.6–4.9) 4.8 (4.7–4.8) 4.5 (4.3–4.7) 4.5 (4.3–4.8)
Function—men 4.8 (4.6–4.9) 4.7 (4.6–4.9) 4.6 (4.5–4.8) 4.5 (4.4–4.7)
Pain—all 4.9 (4.8–4.9) 4.6 (4.5–4.8) 4.4 (4.2–4.6) 4.5 (4.3–4.7)
Pain—women 4.8 (4.7–4.9) 4.7 (4.5–4.8) 4.3 (4.1–4.6) 4.5 (4.2–4.9)
Pain—men 4.9 (4.8–5.0) 4.6 (4.4–4.8) 4.5 (4.3–4.7) 4.5 (4.2–4.7)
Self-image—all 4.7 (4.6–4.8) 4.5 (4.4–4.7) 4.4 (4.2–4.5) 4.4 (4.3–4.5)
Self-image—women 4.8 (4.7–4.9) 4.6 (4.5–4.7) 4.3 (4.2–4.5) 4.4 (4.2–4.6)
Self-image—men 4.6 (4.4–4.8) 4.5 (4.2–4.7) 4.4 (4.2–4.6) 4.4 (4.2–4.6)
Mental health—all 4.3 (4.1–4.5) 4.1 (3.9–4.3) 4.1 (3.9–4.2) 4.4 (4.3–4.6)
Mental health—women 4.1 (3.9–4.4) 4.1 (3.9–4.3) 4.0 (3.7–4.2) 4.4 (4.1–4.7)
Mental health—men 4.5 (4.3–4.7) 4.1 (3.8–4.4) 4.2 (4.0–4.5) 4.5 (4.3–4.7)
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Other explanations for the differing results between the
previous and the present study might be differences in
sample size, and sampling methods [5–7]. Both the previ-
ous studies concerning adolescents [5, 6] were performed
in schools with anonymous questionnaires. Another study
on adults only included 34 individuals [7]. Our study was
population based and included adolescents and adults from
different areas in Sweden, even though the youngest indi-
viduals were recruited from Stockholm County.
Other reasons to be considered for these differences are
cultural aspects, including differences due to translation of
the questionnaire, different levels of physical activity, and
different perceptions of pain and mental health [18]. Even
when using the same language version, differences
between healthy children in different countries have been
reported [9] indicating the need for country-specific nor-
mative data.
There were only minor age and sex related variations in
SRS-22r and EQ-5D in this study. Individuals in the age
group 40-59 reported slightly lower scores than those in the
oldest age group. This is not unique for the SRS-22r.
Similar findings have been described for the EQ-5D, and
especially for the anxiety domain which had a modest
correlation to the mental health domain in the SRS-22r in
this study [10]. In the adolescent age group, males had
higher SRS-22r subscore than females, with the same
tendency seen for EQ-5D in this and in other studies [10].
Previous studies on the SRS-22r, the SRS-22, and other
questionnaires in young individuals have been inconsistent
concerning sex differences [5, 6, 9, 10, 19]. We think it is
advisable, if possible, to use sex specific data when nor-
mative data and patient data are compared. Furthermore, the
importance of assessing appropriate outcome instruments
when managing spinal disorders have been highlighted since
there is a broad variety of instruments and tools measuring
outcomes of spinal disorders and their treatments [20].
An obvious strength of this study is that it comprises
data for males, females, adults and adolescents, providing a
broad perspective of SRS-22r outcomes in individuals
without a spinal deformity. Furthermore, the SRS-22r was
compared and correlated to the generic EQ-5D instrument.
We found moderate to good correlations between the two
instruments and for the corresponding domains pain and
mental health/anxiety.
Despite the similarities between the SRS-22r and EQ-
5D, correlations are not perfect. Therefore, the use of both
disease specific and generic quality of life instruments is
often advocated [21, 22]. Accordingly, both the SRS-22r
and the EQ-5D are used as patient reported outcome
measures in the Swedish Spine register (SweSpine) [11].
A major limitation of this study is the low response rate
for the youngest individuals, challenging the representa-



























































































































































































































































































































































































































































































































study consists of adults and adolescents regardless of
geographic localization in Sweden. It has been suggested
that representativeness might not be necessary other than
that the controls should not have the studied trait [23]. In
addition, comparisons with other Swedish population-
based cohorts regarding EQ-5D did not indicate any
important differences [10]. Data on household income was
not obtained and, therefore, not compared in the
individuals.
We used the EQ-5D in the youngest individuals to be
able to compare the results with adults, as suggested by
others [21]. EQ-5D-Y is a version of EQ-5D specifically
adopted for children. Compared to reported domain results
for EQ-5D-Y in Swedish adolescents [24] we obtained
similar results indicating representativeness of our sample.
Another limitation is the sample size. A larger sample
size would have enabled more detailed studies of age and
sex differences. Nevertheless, age and sex differences were
fairly small and within or close to the suggested minimal
clinical important differences for the SRS-22r in patients
treated for scoliosis [25].
Conclusion
This study provides the first normative data for SRS-22r in
Swedish adults and adolescents, including both males and
females. The normative SRS-22r scores in this study are
slightly higher than previously reported data on SRS-22,
despite conversion to SRS-22 values, illustrating the need
for country-specific normative values. In addition, this
study showed a good correlation when comparing SRS-22r
and EQ-5D in individuals without a spinal deformity. We
consider our material to be useful as reference for future
studies of individuals with spinal deformity. The presen-
tation of crude data for all individuals in this study will
ease future comparisons.
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